Introduction
============

The incidence of non-small cell lung cancer (NSCLC) has gradually increased in recent years. It is currently the most common malignant cancer, and its incidence of brain metastasis (BM) is up to 30%--55%.[@b1-ott-9-977] Since the 1970s, radiotherapy has become the standard treatment for BM, and is able to increase the median survival time to 4 months.[@b2-ott-9-977],[@b3-ott-9-977] The recent improvements in platinum-based agents, the emergence of targeted drugs, as well as the developments in research on the blood--brain barrier have enabled us to achieve a certain level of therapeutic efficacy in chemotherapy and biotherapy for lung cancer BM.[@b4-ott-9-977],[@b5-ott-9-977] Studies have reported that the median survival time for NSCLC metastasis treated using chemotherapy combined with radiotherapy was 6--12 months,[@b6-ott-9-977],[@b7-ott-9-977] while that of patients treated using targeted drug therapy combined with radiotherapy was 11--23 months.[@b8-ott-9-977],[@b9-ott-9-977] Studies have also shown that the socioeconomic status and education level of the patients could influence their survival time; specifically, lower socioeconomic status and education level correlated with poorer prognosis in cancer patients.[@b10-ott-9-977],[@b11-ott-9-977] Two hundred and nine NSCLC patients with BM were admitted and treated in our hospital between March 2007 and November 2012. The clinical data for these patients were collated, and then analyzed for their survival status and the main factors influencing prognosis.

Data and methods
================

Clinical data
-------------

A total of 209 NSCLC patients with BM who received whole-brain radiotherapy (WBRT) in our hospital between March 2007 and November 2012 were selected. The diagnosis for all 209 cases of lung cancer patients was based on either cytological or histological evidence. The conditions of patients with BM included: the number of BM tumors is more than three and less than ten, all tumors are less than 5 cm in diameter. Exclusion of cerebellum placeholder and meningeal metastases. BM was verified using magnetic resonance imaging or computed tomography. Among these patients, there were 148 cases of adenocarcinoma, 42 cases of squamous cell carcinoma, four cases of adenosquamous carcinoma, and 15 cases of NSCLC (without specific histologic subtype). The median age at the time of BM diagnosis was 58 years (range, 31--83 years) for all patients ([Table 1](#t1-ott-9-977){ref-type="table"} for details on other factors). The study protocol was approved by the Shanghai Pulmonary Hospital ethics committee, and all participants provided written informed consent.

Treatment conditions of primary lung tumor
------------------------------------------

Thirty-six patients had previously undergone surgical treatment, and the surgical procedures included pneumonectomy, lobectomy, and palliative tumor resection. One hundred and twenty-three patients had previously undergone thoracic radiotherapy, and the irradiation area included the primary tumor area and/or the lymph node drainage area, while the radiation doses were between 30 and 60 Gy (palliative and definitive radiotherapy). Two hundred patients had received chemotherapy during the treatment process, mainly a combination of cisplatin with other drugs. Among these patients, 99 had undergone targeted therapy. In the 99 patients who underwent targeted therapy, only nine detected the epidermal growth factor receptor (EGFR) mutation status. The patients who did not detect the EGFR mutation status were mostly female (83), did not smoke (90), and had adenocarcinoma (90). In the 90 patients, tyrosine kinase inhibitor (TKI) was only used for the second- or third-line therapy; patients had begun taking the targeted drugs since the occurrence of BM. The targeted drugs included Irressa, which was taken at a dose of 250 mg once daily with or without food. The drugs were taken until tumor progression, which was evaluated using the Response Evaluation Criteria In Solid Tumors. Palliative treatment included antitussives, phlegm relief, analgesics, hemostasis, pleural drainage, and drug injections.

Treatment conditions for BM
---------------------------

All patients received WBRT. A 6 MV X-ray was used for parallel bilateral irradiation and the total irradiation dose was 3,000 cGy/10 fx. Sixteen patients terminated radiotherapy due to their inability to tolerate the side effects, of whom eight patients received a total dose of 2,100 cGy/7 fx, and eight patients received 900 cGy/3 fx. General treatment included administration of mannitol and dexamethasone to reduce intracranial pressure, as well as the provision of symptomatic and supportive treatments.

Measurement of outcomes
-----------------------

### Short-term efficacy

Evaluation of primary lung tumor and BM after treatment was performed using the Response Evaluation Criteria In Solid Tumors. The sum of the longest diameters for all target lesions was calculated and labeled as the baseline sum of longest diameters. The baseline sum of longest diameters was taken as the main baseline indicator for the evaluation of tumor therapeutic efficacy.

### Criteria for therapeutic efficacy

1.  Evaluation of target lesions was performed by measuring and calculating the sum of longest diameter of all target lesions, followed by the comparison with the baseline sum of longest diameters. The objective tumor evaluation criteria were as follows: complete remission -- all target lesions have disappeared; partial remission -- at least 30% reduction in the target lesion sum of longest diameters compared with baseline; progressive disease -- at least 20% increase in target lesion sum of longest diameters compared with the smallest target lesion sum of longest diameter recorded since treatment began, or the emergence of one or more new lesions; stable disease -- tumor growth between partial remission and disease progression.

2.  Long-term therapeutic efficacy: median survival time, and 6-month, 1-, and 2-year cumulative survival rate.

Statistical methods
-------------------

Survival rate was calculated with the Kaplan--Meier method. A log-rank test was employed to compare the differences in the survival rate of each subgroup. Multivariate risk factor analysis was performed using the Cox proportional hazards model. Data processing was carried out using SPSS 16.0 (SPSS Inc., Chicago, IL, USA).

Results
=======

The follow-up time was between 1 and 87 months. The median survival time after treatment for BM was 12.1 months. The 6-month, 1-, and 2-year cumulative survival rates were 80%, 50.2%, and 10.7%, respectively. Univariate analysis ([Table 1](#t1-ott-9-977){ref-type="table"}) indicated that favorable prognostic factors included: Karnofsky Performance Status (KPS) scores during BM treatment, control of the primary lung tumor, interval between confirmed diagnosis of lung cancer and BM, presence of combined extracranial metastasis, number of chemotherapy cycles undergone, Graded Prognostic Assessment class, presence of combined targeted therapy, the pathological type, and patients' cultural background. Multivariate analysis ([Table 2](#t2-ott-9-977){ref-type="table"}) indicated that the number of chemotherapy cycles, combined targeted therapy, and patients' cultural background were key prognostic factors influencing survival. The survival curves influenced by these three factors are shown in [Figures 1](#f1-ott-9-977){ref-type="fig"}[](#f2-ott-9-977){ref-type="fig"}--[3](#f3-ott-9-977){ref-type="fig"}, respectively.

Discussion
==========

Metastasis of lung cancer accounts for 30%--40% of all BMs,[@b12-ott-9-977] and occurs most frequently in lung adenocarcinomas. The incidence of BM in adenocarcinoma among the 209 patients in our study was 71%, while that of squamous cell carcinoma was 20%, and that of adenosquamous carcinomas and NSCLC (not otherwise specified) was 9%. BM mainly occurs via a hematogenous route. As the growth of BM and disease progression is rapid, palliative therapy is the main care provided to patients. WBRT can improve the patients' neurological symptoms, increase their quality of life, and adequately prolong survival time; its efficacy is higher than 60%.[@b13-ott-9-977] Since the majority of chemotherapy drugs encounter difficulties in passing through the blood--brain barrier, the therapeutic efficacy of chemotherapy alone is poor. Recent research has shown that WBRT combined with targeted therapy was able to increase patients' median survival time, a finding that was further verified in our retrospective data analysis. This was also influenced by the different cultural backgrounds of the patients.

Radiotherapy is one of the main treatment methods for metastasis of lung cancer to the brain. The median survival time of patients with BM treated with WBRT alone can be increased by 3--6 months. The aim of WBRT is to eliminate subclinical lesions in order to prevent recurrence. Stereotactic radiosurgery (SRS) now has become more widely used focal treatment modality for patients who have BM. Radiation Therapy Oncology Group 9508 was a randomized, controlled, Phase III trial of 333 patients with one to three BMs and a KPS of 70 or greater who were treated with WBRT and SRS or WBRT alone.[@b14-ott-9-977] In patients who had a single BM, treatment with WBRT and SRS compared with only WBRT resulted in a decreased rate of local recurrence at 1 year (18% vs 29%; *P*=0.01) and superior median survival times (6.5 vs 4.9 months; *P*=0.039). In patients who had two or three BMs, local control was significantly improved in the combination arm, but there was no difference in survival time between the two groups (5.8 vs 6.7 months; *P*=0.097). There was an additional benefit in outcomes (maintenance or improvement of KPS and corticosteroid use) in patients. Our data also suggest that KPS is one of the prognostic factors. Chang et al[@b15-ott-9-977] performed a Phase III study in patients who had one to three BMs that compared the approach of combination of SRS and WBRT versus SRS alone. The primary endpoint of this study was neurocognitive function, as measured by the Hopkins Verbal Learning Test-Revised. The trial was stopped early after 58 patients were accrued because of a high probability that the SRS-plus-WBRT arm would show a significant decline in learning and memory function at 4 months. SRS plus WBRT is too neurotoxic to choice. Some oncologists have been concerned that WBRT adversely affects neurocognition.[@b16-ott-9-977] However, a study of 208 patients with BM found that patients who responded after WBRT had improved neurocognitive function and that tumor progression affected neurocognition more than WBRT.[@b17-ott-9-977] While in a prospective, observational study for one to ten BMs performed in 23 hospitals in Japan, no difference in overall survival was demonstrated in patients who had two to four BMs versus five or more BMs when treated with SRS alone.[@b18-ott-9-977] The median overall survival after SRS was 13.9 months in patients who had a single BM, 10.8 months in patients who had two to four BMs, and 10.8 months in patients who had five to ten BMs. We know that the study is a single arm trial. There is no WBRT control group, and we could find that it has a high intracranial metastasis after SRS. As the tumor number increases, the rate of intracranial metastases goes higher. In our clinical treatment, we chose WBRT with 30 Gy in ten fractions for BMs with the number more than three and less than ten.

EGFR-TKIs are targeted drugs that have been receiving constant attention in the field of oncology in recent years. EGFR-TKIs have lower side effects than cytotoxic drugs, and have shown a certain degree of therapeutic efficacy in advanced NSCLC. Researchers have found that gefitinib has a low molecular weight, and in vivo 14C labeling in animal studies revealed that it had relatively good cell penetration. Gefitinib is able to pass through the blood--brain barrier, and its concentration in brain tissue and spinal cord was found to be higher than that of other chemotherapy drugs.[@b19-ott-9-977] Gefitinib also showed relatively good toxic effects on malignant brain tumors in animal models.[@b20-ott-9-977] Moreover, recent reports have indicated that gefitinib had a relatively good therapeutic efficacy in the treatment of NSCLC BM.[@b21-ott-9-977],[@b22-ott-9-977]

Our data analysis has demonstrated that regardless of whether targeted drug treatment was the first-, second-, or third-line therapy, it had greater efficacy in the treatment of NSCLC patients with BM compared with combined WBRT and cytotoxic chemotherapy. The median survival time for patients using this therapy was 18.7 months, thus using targeted therapy greatly increased the median survival time of lung cancer patients with BM. Multivariate analyses in past studies have shown that the KPS score is an independent factor that influences prognosis. Our analysis indicates that the addition of targeted drug therapy could reduce the importance of KPS scores. In other words, patients with very poor KPS scores who received targeted drug therapy could achieve a similar prognosis as patients with higher KPS scores who received cytotoxic chemotherapy. In addition, patients with good control of primary tumor, interval between initial treatment and BM greater than 1 year, presence of combined extracranial metastasis, the number of chemotherapy greater than 3 cycles, the lower Graded Prognostic Assessment class, presence of combined targeted drug therapy, adenocarcinoma, and higher cultural background had better prognosis. The presence of combined targeted drug therapy, the chemotherapy number greater than 3 cycles, and the cultural background are the independent prognostic factors. In the different cultural background groups, we can see that primary school plus average understanding of disease plus average family support is enough for NSCLC patients. There is no difference in prognosis between junior secondary school and senior secondary school group. Evidently, prospective clinical studies are still needed to determine more reasonable treatment regimes.
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###### 

Univariate analysis for the prognosis of 209 NSCLC patients with multiple brain metastases

  Factor                                                                     Number of cases   Median survival time (months)   *χ*^2^   *P*-value
  -------------------------------------------------------------------------- ----------------- ------------------------------- -------- -----------
  KPS score                                                                                                                             
   ≥70 points                                                                185               13.1                            24.96    0.000
   \<70 points                                                               24                6                                        
  Control of primary lung tumor                                                                                                         
   Controlled                                                                42                19.83                           22.72    0.000
   Progressive                                                               167               9.03                                     
  Interval between confirmed diagnosis of lung cancer and brain metastasis                                                              
   ≥1 year                                                                   45                19.67                           17.18    0.000
   \<1 year                                                                  164               8.87                                     
  Presence of combined extracranial metastasis                                                                                          
   Absent                                                                    37                19.73                           7.12     0.008
   Present                                                                   172               11.3                                     
  Number of chemotherapy cycles                                                                                                         
   ≥3 cycles                                                                 120               14.97                           15.98    0.000
   \<3 cycles                                                                89                8.5                                      
  GPA class                                                                                                                             
   Class 1                                                                   29                20.6                            48.46    0.000
   Class 2                                                                   143               12.9                                     
   Class 3                                                                   37                6.1                                      
  Presence of combined targeted drug therapy                                                                                            
   Absent                                                                    110               8.1                             29.78    0.000
   Present                                                                   99                18.7                                     
  Pathological type                                                                                                                     
  Patient's cultural background                                                                                                         
   Adenocarcinoma                                                            148               12.9                            13.82    0.000
   Squamous                                                                  42                9.1                             349.52   0.000
   Adenosquamous                                                             4                 5.57                                     
   NSCLC (NOS)                                                               15                7.27                                     
   Level 0                                                                   22                3.2                                      
   Level 1                                                                   35                6.63                                     
   Level 2                                                                   87                14.27                                    
   Level 3                                                                   62                19.63                                    
   Level 4                                                                   3                 15.93                                    

**Abbreviations:** GPA, Graded Prognostic Assessment; KPS, Karnofsky Performance Status; NOS, not otherwise specified; NSCLC, non-small cell lung cancer.

###### 

Multivariate analyses for the prognosis of 209 NSCLC patients with multiple brain metastases

  Factor                         Group                                                                               *df*   B        SE      Wald     *P*-value   95% CI
  ------------------------------ ----------------------------------------------------------------------------------- ------ -------- ------- -------- ----------- -----------------
  Chemotherapy cycles            \<3 cycles/≥3 cycles                                                                1      0.54     0.17    10.44    0.001       1.234--2.361
  Presence of targeted therapy   Present/absent                                                                      1      0.41     0.16    6.68     0.01        1.103--2.045
  Cultural background                                                                                                4                       128.84   0.000       
                                 Illiterate + poor understanding of disease + poor family support                    1      4.154    0.737   31.754   0.000       18.708--330.612
                                 Primary school + average understanding of disease + average family support          1      2.512    0.664   14.318   0.000       4.209--55.329
                                 Junior secondary school + strong understanding of disease + strong family support   1      0.295    0.609   0.235    0.628       0.445--4.805
                                 Senior secondary school + strong understanding of disease + strong family support   1      −0.239   0.612   0.153    0.696       0.237--2.612
                                 University + very strong understanding of disease + very strong family support                                                   

**Abbreviations:** CI, confidence interval; NSCLC, non-small cell lung cancer; SE, standard error.
